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Introduction

While alveolar surfactant has extensively been modeled in relation to protecting
the alveoli against collapse (i.e. deflation stability), the quantitative investigation
of how healthy alveoli are protected against over-distension (i.e. inflation
stability) is not fully under stood.

We hypothesized that the process of recruiting elastic wavy collagen fibers
during inflation is a mechanism that can provide inflation stability to the
alveolus.

To this end, we developed an analytical model of a thick-walled alveolus with an
adjustable collagen waviness distribution in order to investigate the role of fiber
waviness in (1) inflation stability, and (2) the shape of the macroscopic pressure-
volume (P-V) relationship of alveolar tissue.

Methods

Model Description

The alveolus is assumed to be a homogeneous and isotropic thick-walled sphere.
Elastin and wavy collagen fibers are embedded within its thickness.

At rest, the inner and outer radii are R; and R, respectively (R; < R < R,).

As the alveolus expands, the wavy fibers are gradually straightened and recruited
to bear stress.

The parameters w,,wq, Y,. ,a, and [ represent the maximum and minimum
collagen waviness (w), effective fiber stiffness (fiber area fraction x stiffness), and
the two beta distribution shape parameters, respectively.

As the alveolus is inflated by a stretch ratio 4, the collagen fibers are recruited,
and their contribution to the alveolar wall circumferential true stress (o) is:
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where F; is the Appell Hypergeometric Function of two variables.

The elastin fibers with effective stiffness Y,, contribute to the circumferential
stress according to:

(L R) =8, Y, LA(A-1) (4)

For a thin-sphere, the combination of these stresses at the middle layer balances
the alveolar pressure P,;,, as a function of the inner stretch ratio (4;) thus:
R, + R; R, + R;
Pato(30) = 2|0 (2, =2 =2) + 0 (1, =) 5)

Model Data Fitting & Simulations

The model was fit to the P-V relationship from a human and to force-length data
from alveolar tissue strips (Fig. 1). We evaluated fiber stresses (Fig. 2), alveolar
stresses (Fig. 3), key factors for inflation stability (Fig. 4), and P-V sensitivity to
the model parameters (Fig. 5).
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Figure 5: Sensitivity analysis. The effect on the P-V curve of A) wall thickness B) elastin stiffness, C)collagen stiffness, D) waviness range, and E)
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Conclusion

ne behavior of elastin and collagen fibers inside the alveolar wall reveals the separate roles of each in the shape of the P-V curve and the
ung inflation. The model also provides estimates of the strains and stresses within the alveolar wall, which may by crucial for
ing how cells respond to mechanical cues, how tissue damage arises during mechanical ventilation, and how structural versus material

waviness distribution. Percentage differences based on the baseline simulation are indicated next to each curve for AV/Vo of 1, 2, and 3.
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